Abstract
time, between the UV emission time and the electron arrival time on the anode.
48
In order to have a precise measurement, small drift spaces are used [29] , O(10) 49 mm, ensuring that the electric field remains homogeneous. Nonetheless, the 50 method described in this paper aims at measuring the effective electron drift 51 velocity for a large TPC. This is indeed a key point to validate the charge 52 collection within the whole MIMAC drift space which is equal to 17.7 cm and 25 53 cm, respectively for the MIMAC prototype (used hereafter) and the forthcoming 54 full-scale MIMAC detector. Any large departure from the expected value may 55 be a hint indicating a non-homogeneous electric drift field or a large value of 56 the electronic attachement in our gas mixture.
57
The paper is organized as follows. Section 2 presents the detection strat- anode sampling at a frequency of 50 MHz. Hence, the track is 3D reconstructed, providing the electron drift velocity is known, which is the main interest of this 80 paper.
81
In parallel to the 3D track measurement, the ionization energy is measured using 82 a charge sensitive preamplifier connected to the grid which is also sampled at a 83 frequency of 50 MHz. is taken as the starting time of primary electrons at the cathode.
94
Figure 2 presents a typical 3D track for an α particle that is used for the electron 95 drift velocity measurement. The track is crossing the whole drift space, from the 96 cathode to the anode. Figure 3 presents, for ∼ 500 α particles, the projection 97 on the (X,Y) anode plane (upper panel) and on the (X,Z) plane (lower panel).
98
It can be seen that the α source is a pencil point-like one, with a 5 hence to a value of 14.5 kV/cm. 
Signal modeling

119
The analysis method proposed in section 4 requires a complete modeling of 120 the signal, from the current induced on the grid to the measured signal V (t).
121
We first describe the modeling of the current induced on the grid by an α parti-
122
cle crossing the drift space in which electron-ion pairs are created. 
coefficient. The current induced on the grid is thus given by:
According to Magboltz simulations, for the following experimental conditions The resulting theoretical signal V th (t) is thus given by at 1600 ns. Note that the delay cannot be simply subtracted as it is dependent 176 on the setup configuration.
178
As the theoretical signal depends on the previously discussed parameters, hereafter V th (t) reads as: 
with ∆t e being the time difference between the α particle arrival time (on the 191 anode) and the last primary electron (generated at the cathode level).
192
This time difference may be estimated with the charge preamplifier, connected 193 to the grid, by measuring the time between the maximum and the minimum. The second data analysis strategy consists in using the information contained 
231
Having demonstrated that V ′ (t i ) are weakly correlated, the likelihood func-232 tion can be written as the product of the likelihoods associated with each value
where δt et A are adjusting parameters, to enable a time and amplitude shift 235 between the data and the adjusting model.V ′ (t) is the mean profile value, σV ′ ′ (t) its statistical standard deviation and N t is the number of time samples.
237
It is worth noticing that the four nuisance parameters are associated with flat 238 and non informative prior distributions. 
Experimental results
240
The analysis strategy presented in section 4.2 has been applied to the data 241 obtained with the experimental setup presented in section 2. We use two gas 242 mixtures that might be used for directional Dark Matter detection: pure CF 4 243 and CF 4 + CHF 3 . In the following, we will always consider a gas pressure of 244 50 mbar. 
Then, the uncertainty at the 68% confidence level on v d is obtained by solving
where σ ± is the upper and lower asymmetric error bars. 
This result leads to a measurement of the electron drift velocity with a precision 280 of ∼ 0.1 %. However, one caveat of our likelihood method is that it does 281 not include systematics from the experimental setup, such as the length of 282 the chamber and the homogeneity of the electric field along the drift space.
283
These systematics can be included afterwards and conservatively evaluated to 284 be around 1%. Figure 11 presents the electron drift velocity measurement in a 70% CF 4 + 299 30% CHF 3 gas mixture at 50 mbar, for an amplification field E a = 15.6 kV/cm.
300
As for the pure CF 4 gas, the measured electron drift velocity increases with 301 increasing the drift field, with a systematic downward shift with respect to the 302 simulation results, ranging between 12% and 8%. To our knowledge there is no 303 other experimental data with this gas mixture.
304
We highlight the fact that the electron drift velocity in a 70% CF 4 + 30 % CHF 3 305 gas mixture is lower than in the pure CF 4 case, by a factor ∼ 5. This is a key 
4.2). We also present the Magboltz simulation (black line). To our knowledge there is no
other experimental data with this gas mixture.
